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A II S’I’I{A{;’I’.  ( )pcrat ions indudcs tbc III i 1 imt ion of both space aIId grcmud ICSOLIKWS ILJ wbicvc mission
objxlivcs.  Architccturcs of ’tbc 1’UIUIC mufl also app]y 10 bolb spaw :Ind p,round  c(mp(mmts 10 CIMC a mission
arc+ilc~lur~.. In rcali(y  Ibc “p,lhil”  vim will bccomc  l(x) small! ‘1’bc IILX( gcncrdtion  will mak lbc spaccmll
(I node on a dis[ribukx]  syskm,  cxpaudinr,  lbc scope of ’missiom  beyond lbc mcdy global. 1 )csign,  dcvclopmmt
and (Jpcrati(m (Jflbc spwcxmf( and opcriili(ms  It):] sinp,lc (q~crati(mal cxmccpt dcrivcxl  li(m] tbc mission objcclivcs
will owl c a virlwll  pn.wncc 0[’ lbc inwsl if,alor  (m lbc spwwa fl ad instrmwnts.

II) [bc wrly days of’spacti  cxplora(ion,  (IIC cwst ol’missions  wtis  driwn Iwgjcly  by tbc spacccr:iil  dcwlopmcnt  cx)st.
Missi~m  (ywii[im]s  CXNIS  WJCIC drivcw  by  tbc bipl~  C(MI (JI’ cxmpu[inp,  ILwNrcc in ibc form of mainfrmc
cmqmlcrs,  t kclr~mic  ct)]lllll~]t]icalio]ls,  like tbc softwrc  for a mission wfI$ complex an(l costly,  (Icvclotw(l as
a custom il]llllc]]lci](alio]l  spwilicatiy  for cdl ncw missiw. ‘1 ‘IKK wcw liw missions, widdy scparatd  in lime,
wilb ncw mission operations systems crcatcd  fcw cdcb mission to {lplimim lbc rdum  from the Sp:lcwrafi.
Missi~m  opcra[itms  teams tcmdcd to bc ccm[rtilly  l(witcd  near Ibc c{mlpu(crs  it] atl opcrati(ms  CCIIICI. (ommand
and cent rol of ttw spaccw  li was accomplisld  only fmm this cwlcr, wbm tbc comlinat  ion of scicncc  and
cnf, incwingj dcmds  on tbc spaccmft  and inslrummls occurred dutinpj d long-durati(m  series 01’ reviews.
Indmi(m  01’ scicnlcc  and cnginwring  cxpcrls  lion] ronolc lwwiions  :ind o(bcr counlrics wds scvcrdy IIampcd
by lonp time ddays in cxhmf?)c 01’ in fomtilion.  Scicn(ists  not Ioca(cd  near tbc cmtcr ww likdy 10 cxpcricmx
Imf, dc]ays ii) (1IC delivery oflbc chits 11(MN  lbcir ins[run]cmls.  1 )uringj  major  mission wcnls,  scicnlisls  wouki
IC1(K:IIC  Icmporarily  to tbc opcrtilions  cmtcr.

1 ,arg,c nundws ofpcop]c  WCIC imdvcd in tbc daily mm it orinpj  01’ (bc spacccralll  in dealing, wi[b an(malics,  Iind
in c)[lk[[inp,  any dcficicncics  it] ~q~crational  R.sponsc  (J1’ttw  spaccxw 1’1. ‘1’bc usc ol’sucll  inn(wd(ivc and dcdicalcd
pwplc vw cflixt  ivc in obtaining m;lximum  usc 0[’ t bc cxpcnsivc sp:icccrtifl  ICSWICC, hut tbc cost was bigll, As
miwi(ms  incrcwxl in lcng,tb Itw planetary cxpl(wali(m,  tbc mission operations costs  ovc’r lbc lilk oftbc  mission
Ollc]) Cxcccdcd tbc cost of(lc\~clo])lllcllt.”

‘1’bc  cvt)lulion  in tbc 1 980’s of I(NVCI c~~st  llipll-l>L.ifolll][li]cc  c(m]pulc p(nvcr :ind :il’limhbk  lligl]-tJai](t\4i(l(tl
commun icillions  (Irm:llicat  ty cxpan(tcd the part i]cring  involved in large missions. ‘1’hc inclusion of
p,cop,rathiwlly distrihutcd  lcwms as an integral clcmcnt  01’ missi(m operations was enabled by tbc inlc:,ratcd
dist  ribut cd in fbrimt  ion systcins  atld tbc client-server arc+ ilcc(uiw. 1 lolh local  aild remote cllg,inccriil~  and
scicncc  clcmcIIIs  bccamc adivc par[icipanls i n  daily missi(m opcrtititms, In a(lditi(m to lbc clcclr(mic
Iransmissi(m  ofdatfi,  mission such m Magclhm  in Ibc 1980’s opmtcd succcssl’ully  with a IWIN ofcnginccls
prtwidcd  al tbc sp:iccottii  umlrdc((w si(c in I )LWVCI liilkcd  clcctr(micwlly  [~) Ibc missi(m  c~mlrt)] ccnlcr  in l’fiw]cna
aiKl using rq~lic:l~cd  badwarc  and software. IJOI  Mats ( )bscrvcr  pr(~jcct,  Scicncc  opcratims  l’lanning  Center
(S( )1)() systems were remotely Ioca(d at sci~mcc invcs(ig,al(w bomc lomli(ms  10 allow nonintcraclivc  cxmlmands



tt~ Ix prcpad  [id dcdronictilly  dclivcwd  fiw alt[[mw[ic  inlcgyalim  in[(} Ihc spacwall  c(mllnand scqucncc.  ‘I’f  Ic
inclusi{m t}f-scicncc  investigators m inlcg~til mcmkrs  of mission operations rcducc(l  overhead in operations find
prtwidcd  m~wc. limdy rcspmsc  to invcs(ip,at i(m rcq (Iircmcn(s. Ncw missions of’the 1990’s such as (’assini  and
the Mtirs  Smqw scrks [k advankgc of tk remote intcg,ril(cd  teams with smllcr  and hvcr mission
opcfi~lims  teams in hig$ly  challcn?,inp, wicncc miwitms. 1 lJcI1 lradili(mal  missi[ms  SUCII {IS VOytIf,Cr ;Ind Galileo
hwc adapkx]  their mode oi opcrat  ions “on t hc fly” during,  t heir M( M+ 1 )A periods to provide Mkkd online dal[i
dwcss and d~’lively f(M tlwir user community whik rcxlucing Ihc cost of’operations. Missions now r~w(inc]y
employ univwiiy, iduslry,  and govcrnmcnl  agency cx tmlisc f’rom all palls or the counlty, and from around
lhc world. ‘1’hc cxtcmt of’ this involvmcml  in plaIK:laIy mission dcvclopnum  d opcra(ions  is illustrakd in
li~,m. 1, “(;1oIxI1  lINOIWIIKM  in l’latwt:ity  Miwi(ms in the 1990’s”. In addilion,  lhc {Idvcnt  and widespread usc
{~fthc  IIltcrncl  all(ww ihc nwlimc  sharing of’miwim  st:IILIs,  rcwl[s  and pr(duc[s  nol (rely will] lhc small number
ofsciwlists chwly alig,ncd wilh (k mission, Iml will] lIw IMWKIW communily  of invcs(igators  and indcd with
primly  find sccodary cduca[ioml  inslilulions  and with lIK g,cncral  public. ‘1’hc in[crc.s(  and satisfaction
~,wmtcd  by this  ocwss is indicalcd  by more than 2 million visits  10 Ihc (ialiko  pag,w during, Ihc period from
.lupilcr  orbit inscr[ion  Ihrougl] (;:inymcdc  CINX)LII}lCI, ‘I’() lhcili[atc  accwss, p,raphical  and text-bawd uw
intcrlilccs  :trc providcxl.

-----------------  .-__--_----

l;ig,urc  1. “(ilobtl] lnvt~lvcvncn(  in l’lfincttiry  Missitms  in the 1990’s’”
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‘).,. Mo~iulariiy  and RC-USC in (immd ])a[a SystcIns

1 lr(mdcr  find m{w dislribulc41  involvement in mission [qwrd[i(ms,  htwcvw, did nol chtmf,c the nutnbcr  of’ people
invdvcd in mission operations or rcduw Ihc cost. SollwaIc  s(andards, high low] ]tinguagcs  and relatively low
Cosl h ig,l]-j~ctforl]]til]cc  cnf:inccrin~,  workstations dwrcasd  Ihc cost of mission opcrd  ions dwclopnwnt.
Additional soflwarc required fbr the nvmag,mcnt of incrcasing]y  complex spacccra~[  has oficn more than ofl’sd
the swing,s.  Sollww  :ind pcopk  rcphicd  hardwrc  as the dominant cosl  in both dcvcl(q~nlcnt  and operations
ol’spcc  missions. ‘1’hc next major  slcp in reducing (hc mission operations dclclopmcnt  cost wa% the rcnsc or
software applicdions. ‘1’hc c[licacy  ofthis  apprwich  is cnhancd  by the usc of’space daia systcm standards and
by a modular archi(cc(uw  with common inlcrI’aces amon~ functional clcmcnts. Ilsc of slandard  opcra[itlg
systems and p]:it  ft~rl~l-i]~(lcj)c]~tlcilt  ii)ll>lci]lc]llaliot]  till(ws the rc-usc  of’nlfijor  st~llwarc  dwclopmcnls  such as
navif,ation and planning, sdtwarc  on ncw hardwrc  plat Ibms  for ncw missions and lhr rcplaccmcnt  of’ aginp,
sys[cms during the opcrtiiimtil  lik tlf kmg-lligh( missions such as Voyap,cr. ‘1 ‘here is t ypically a somwhat  higher
cosl fi~r the initial dcvclopmcnl  of rc-uscab]c syslcms,  called muhitnission systems al .lI]l,, but cxpcricncc  ha<
showm the “break even” point lt~r mult i mission syst elms t () hc al Icss than two missions. ‘1 ‘hc cfl’ojl  to apply rL-
uscab]c  systems 10 ncw missions varies from tahlc definitions f’t~r typical tdcmctry  functions 10 the addition 01’
nwdc]s i’or ncw mission components for scqucncc validation and analysis funclions. ‘1 k ndularity  of the
mult imission systm  allows the inlcg,ralion  ot’ W-USC(1 clements and projcd -unique clcmcnts  to cwatc n projcd’s
mission opcra(iom sys(cm. ‘1 ‘his ilcxibili[y  allows a common  set d’ mul(inlission  sdlwarc  to yield 9S0AJ of lhc
g, I’(NInd  data systcm for lhc ]firgc {Iassini  mission, but a]so to provide 95(~, of ’lhc suppor[  for the small  Mars
l’at h (inticr  mission at ICSS Ihan 20(70  Of the normal  dcvclopmcnt  cost for such a mission. (;{lJJ:illilily-ciri\cfl
dcsi~n  based on the avaihibilily  d ground  syslcms  1’01 both spacccraf’1 dwclopmcnl  and operations and
c(mwrrcnt design trades hctwcn  spacecraft and g,mmd systems have cvo]vcd  as the prcfcrrd  mclhod to WIUCC
dcvclopncnl  costs  ibI Ihc mission systcm  as an cnt it y. 1 n addilion  10 the modularity of the domain applicatims
un iq UC 10 missi(m opcralions, a laycrin~, of” supporl fund  ions with the operational environment has bccIl
cmployc41,  as illustrmd  in figure ?,, “1 ,aycrcd Archi[cd urcs in Multi  missim ( )pcrat  ions Systems”. ‘1 ‘hc laycrin{!
of the dpplicat  ion I’ucnti(ms  is [i diwct extension of lhc conecpt cnlphycd in the 1 S() Communicant ions m{dcl.
Suppor[ and application functions and their intcrl’aces arc standardiml.

];igurc  ?, “1 .aywd  AId~i{cct  uw in MuIiilnission  ( )pcrations  Systems”
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4. ‘1’rans-(itobal  Mission Architccturc

‘1 ‘Iw cxpcricnw  in laycrinp, oi’syslcm  limcliom  and rc-LIwwblc  c(mlpol]cnts  }vhich has prtnwl ilscl 1’ ii) ll]c g,rt)utld
sys(cm wwld WI now bc applid  to Ihc spacccra  fl j] i~llt contr(~l sojlwaw and avionics  [IS WCII. As (11c mission
i II [i)]mali(m  sys[cm is dcsigd  and inq~lcmcn(cd,  the spacccra  II >vith its aul~momy  and cent It)l fund ions
lwoms a node on Ihc cnd-to-ctd in formalion  syslcm. ‘1’hc missi[m  (qmalions systcm  now WCOINIMIWCS  1x)11]
spncc :ind gt(mnd comp[mctl(s,  mcri[illp,  the INIIW “lrans-g,lobal  mission archi[ccturc”.  l:i~urc 3, “ l’rans-p,l(dx~l
Missi(m  Arcl]itcdurc”,  shows this cx[cnsion  of the laywd rc-uswhlc missi(m operations m.+itcduw  10 crcat c
a I) (q~cll grtmnd/space opal i~ms sys[on. ‘1 ‘hc scrvicc  Iaycr p]xwidcs  a supporl cnvironmmt  for spamw Ii
hw[itms,  which  in turn act a supwl layw rOl instrumcn(s. ‘1’hc open slandards, as in previous cxpcricnw,  will
allow {hc usc d’onc of:i  sc[ otallcrntilivc  c(mymncnls  h cd fimdim,  sdcc(d  to meet the ncdi  ol’dill’crent
clawcs 0[’ missions. ( Jniquc  componmts  quid for spcci Iic needs such as deep sp:icc  may bc bc combined
with limtims  such Iclmctry  manap,cmcnt common among, c(ll]l]llllllic{iliol]s  salcllilcs,  citr(h  explorers and
ploncltiry  cxpl(ncrs 10 Icducc lhc cost and the lime delays in it]]l~lctllcl]t:ltiot].
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